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Abstract

Picea schrenkiana is the edificatory species of the Tianshan forests and holds
an important position in the coniferous forests of northern China. In this study,
mycorrhizal samples and surface soil samples were collected along an altitudinal
gradient on the northern slope of the Tianshan Mountains, and molecular biol-
ogy techniques were used to identify mycorrhizal fungi; simultaneously, soil or-
ganic carbon, total nitrogen (N), available phosphorus (P), and total potassium
(K) contents were measured, and methods such as phylogenetic tree construc-
tion and canonical correspondence analysis (CCA) were employed to explore the
diversity of mycorrhizal fungi in Picea schrenkiana forests and their influencing
factors. The results showed: There were 21 species of mycorrhizal fungi in
Picea schrenkiana forests, belonging to 2 phyla, 6 classes, 10 orders, 12 families,
and 14 genera. Basidiomycota fungi were distributed in Picea schrenkiana
forests at all altitudes, while Ascomycota fungi were mainly distributed in low-
altitude Picea schrenkiana forests. With increasing altitude, mycorrhizal col-
onization rate and Shannon-Wiener index first increased and then decreased,
ranging between 13%~36% and 1.14~2.03, respectively; the Simpson index, rang-
ing between 0.49~0.63, showed a gradually decreasing trend; the evenness index,
ranging between 0.47~0.63, first decreased and then increased with altitude.
The distribution, colonization rate, and diversity indices of mycorrhizal fungi
in Picea schrenkiana forests were mainly influenced by altitude and soil organic
carbon content, while soil total nitrogen content only significantly affected the
Shannon-Wiener index and evenness index. This study can provide a basis
for the understanding and utilization of mycorrhizal fungal resources in Picea
schrenkiana forests.
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Abstract

Picea schrenkiana is an edificator on the northern slope of the Tianshan Moun-
tains and plays an important role in the coniferous forests in north China. In
this study, mycorrhizal and topsoil samples were collected from the northern
slope along an altitude gradient in the Tianshan Mountains. Mycorrhizal fungi
were identified using molecular biology techniques, and soil organic carbon, to-
tal nitrogen, available phosphorus, and total potassium contents were measured.
Phylogenetic analysis and canonical correspondence analysis (CCA) were used
to investigate mycorrhizal fungal diversity and its influencing factors. The re-
sults showed that: (1) There were 21 mycorrhizal fungal species symbiotic with
P. schrenkiana forest, belonging to 2 phyla, 6 classes, 10 orders, 12 families, and
14 genera; (2) Basidiomycota fungi were distributed across various elevation and
altitude zones, while Ascomycota fungi were mainly distributed in low-altitude
zones. With increasing altitude, the mycorrhizal infection rate (13%-36%) and
Shannon-Weiner index (1.14-2.03) initially increased then decreased. Simpson’
s index showed a gradual decreasing trend ranging from 0.49 to 0.63; the uni-
formity index varied from 0.47 to 0.63, first decreasing then increasing with
altitude; (3) The distribution, infection rate, and diversity indices of mycor-
rhizal fungi were primarily affected by altitude and soil organic carbon content.
Total nitrogen content significantly affected only the Shannon-Weiner index and
uniformity index. This study provides a basis for understanding and utilizing
mycorrhizal fungal resources of P. schrenkiana.

Keywords: mycorrhizal fungus; infection rate; species diversity; Picea
schrenkiana; Tianshan Mountains

2.3 Calculation of Diversity Indices

The Simpson index (D), Shannon-Wiener index (H), and Pielou uniformity
index (J) were calculated using the following formulas:
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D=1-) (PInP)

J=H/InS

where P, represents the relative abundance of species ¢, and S is the total number
of species.

2.4 Soil Nutrient Measurement

Soil organic carbon was measured using the potassium dichromate oxidation
method. Total nitrogen was determined by the Kjeldahl method. Available phos-
phorus was extracted with sodium bicarbonate and measured by molybdenum-
antimony colorimetry. Total potassium was measured by flame photometry
after sodium hydroxide fusion.

**#% The contents of C, N, P, and K at different sampling sites

Altitude Organic C (g+ Total N (g - Available P Total K (g -
(m) kg ') kg ') (mg-kg ') kg ')
1800-2000 116.19

2000-2200 114.20

2200-2400 169.56

2400-2600 161.22

2600-2800 114.11

2.5 Molecular Identification

Total DNA was extracted from mycorrhizal samples using a DNA extraction
kit. The ITS region was amplified with primers ITS1F and I'TS4. PCR prod-
ucts were purified and sequenced. Sequences were compared against the NCBI
database using BLAST, with similarity thresholds of 97% for species identifi-
cation, 90% for genus identification, and <90% for family-level classification.
Phylogenetic trees were constructed using MEGA 7.0 with the neighbor-joining
method. Bootstrap analysis was performed with 1000 replicates. Coverage was
calculated as: Coverage = (Number of observed OTUs / Total OTUs) x 100%.

3 Results

3.1 Mycorrhizal Fungal Diversity A total of 21 mycorrhizal fungal species
were identified from P. schrenkiana forest, belonging to 2 phyla (Ascomycota
and Basidiomycota), 6 classes, 10 orders, 12 families, and 14 genera. [Fig-
ure 1: see original paper] shows the phylogenetic tree constructed using
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the neighbor-joining method. [Figure 2: see original paper] illustrates the
altitude distribution patterns of mycorrhizal fungal phyla.

Basidiomycota fungi were widely distributed across all altitude zones, while
Ascomycota fungi were predominantly found in low-altitude zones (1800-2000
m). The 2000-2200 m zone exhibited the highest diversity, with both phyla
present. **** presents the infection rates and diversity indices across altitude
gradients.

**#* Infection rate and diversity index of mycorrhizal fungi at different altitude
gradients

Altitude Infection Simpson Shannon-Wiener  Uniformity
(m) Rate (%) Index (D) Index (H) Index (J)
1760- 32.58%* 0.6313 1.8317 0.6103
1980

1980- 36.15%* 0.6234 2.0362 0.6345
2200

2200- 17.68 0.5211 1.1032 0.4710
2400

2400- 12.53 0.5016 1.1433 0.5211
2600

2600- 13.01 0.4895 1.4316 0.6012
2800

*

Note: ** indicates extremely significant difference (P < 0.01), * indicates sig-

nificant difference (P < 0.05).

With increasing altitude, the mycorrhizal infection rate and Shannon-Weiner
index initially increased then decreased, peaking at 1980-2200 m. Simpson’
s index showed a gradual decreasing trend, while the uniformity index first
decreased then increased.

[Figure 3: see original paper] shows the correlation between soil nutrient
content (C, N, P, K) and mycorrhizal fungal phyla. Altitude and soil organic
carbon content were the primary factors influencing mycorrhizal distribution
and diversity. Total nitrogen content significantly affected only the Shannon-
Weiner and uniformity indices (P < 0.05). The CCA analysis explained 88.8%
of the variance in the first axis and 94.6% in the second axis, indicating strong
relationships between environmental factors and fungal community composition.

4 Discussion

4.1 Factors Influencing Mycorrhizal Distribution Canonical correspon-
dence analysis revealed that altitude and soil organic carbon content were the
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dominant factors affecting mycorrhizal fungal distribution, infection rates, and
diversity indices in P. schrenkiana forest. This finding aligns with previous stud-
ies demonstrating that elevation gradients strongly influence ectomycorrhizal
community structure. The observed infection rates (8.36%-36.15%) fall within
the typical range reported for coniferous forests (20%-90%).

The initial increase in diversity indices at mid-altitudes (2000-2200 m) followed
by a decrease at higher elevations suggests optimal environmental conditions
within this range. Basidiomycota dominated across all altitudes, while Ascomy-
cota were restricted to lower elevations, possibly due to temperature and mois-
ture constraints. Specific taxa such as Tomentella and Sebacina showed distinct
altitude preferences, contributing to the observed diversity patterns.

Soil nutrients, particularly organic carbon, significantly influenced community
composition. Total nitrogen affected only the Shannon-Weiner and uniformity
indices, indicating differential sensitivity of diversity metrics to environmental
variables. These results provide valuable insights for conservation and manage-
ment of mycorrhizal resources in P. schrenkiana ecosystems, suggesting that
altitude and soil carbon should be prioritized in future studies and forest man-
agement practices.
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